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Introduction
As one of the major interplanetary (IP) disturbances, IP shocks link events occurred at the Sun with moderate to extraordinary disturbances at the Earth, and greatly affect the near-Earth environment. Several geoeffectivenesses of IP shocks can be summarized as follows: (1) IP shocks are accompanied by large changes of solar wind dynamic pressure and thus significantly compress the Earth's magnetosphere, causing the sudden impulses (SIs) observed by ground-based magnetometers [Chao and Lepping, 1974; Araki , 1994] ;
(2) IP shocks with southward interplanetary magnetic field (IMF) are important interplanetary causes of geomagnetic storms [e.g. Tsurutani et al., 1988 Tsurutani et al., , 1992 Gonzalez et al., 1999; Echer et al., 2008a, b] ; (3) IP shocks can accelerate the energetic particles during their propagation [e.g. Rao et al., 1967; Lee, 1984; Desai et al., 2003] and trigger substorms [e.g. Tsurutani and Zhou, 2001; Yamauchi et al., 2006; Yue et al., 2010] . Besides, most of the IP shocks observed within 1 AU can be identified with Interplanetary Coronal Ejections (ICMEs) [Sheeley et al., 1985; Gopalswamy, 2006] . Thus, IP shocks can also signal the impending of arrivals of ICMEs.
When an IP shock collides with the Earth's magnetopause, the great compression of magnetosphere will cause a SI of the geomagnetic H-component at middle and low latitudes on the ground. When a SI is followed by a magnetic storm, it is then called storm sudden commencement (SSC) . Observations show that almost all SIs are caused by IP shocks [Chao and Lepping, 1974; Smith et al., 1986] . The SI amplitude is found to be linearly correlated to the the change in the square root of the solar wind dynamic pressure in many quantitative studies [e.g. Russell et al., 1992 [e.g. Russell et al., , 1994a Wang et al., 2009] . And
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the rise time of SI generally ranges from 2 to 10 min centered around 4 min [Maeda et al , 1962] and is affected by IP shock strength and orientation [Takeuchi et al., 2002; Wang et al., 2006] .
The primary cause of intense geomagnetic storms (< -100 nT) is associated with interplanetary structures with intense and long-duration southward IMF [Gonzalez et al., 1994] . Except for ICME or Magnetic Cloud (MC), another major origin of these structures is the sheath region (SH) behind an IP shock, caused by draping effects or by amplification of the pre-existing southward IMF by shock compression [Gosling et al., 1991] . Thus, IP shocks can have an important role in causing geomagnetic storms. Echer et al. [2008b] identified the interplanetary causes of intense geomagnetic storms during solar cycle 23 (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Based on their storm list, we obtained some simple statistics of intense storms for different drivers (Corotating Interaction Region (CIR) only; ICME only; SH only; combination of SH and ICME, SH+ICME) as shown in Table 1 . The intensity of purely SH-driven storm (-172 nT) is significantly greater than that of CIR-driven storm (-118 nT), and is on the same level of purely ICME-driven storm (-166 nT). The storms caused by the combination of SH and ICME have the largest intensity (-223 nT). About 45.2% of the intense storms are caused by the contribution of IP shocks (SH, SH+ICME).
For great storms (< -200 nT), this percentage increases to 72.2%. Similar conclusion is also made by Huttunen and Koskinen [2004] .
Based on the SI amplitude observed on the ground, Wang et al. tions, they still are of particular use in studying events before the space era and could provide proxies for future if we do not have monitoring spacecraft at the L1 point.
The dynamic pressure change across an IP shock affects the large-scale change of magnetosphere structure. Compared with the estimation of post-shock dynamic pressure, the estimations of post-shock IMF orientation and reconnection E-field (E KL , proposed
by [Kan and Lee, 1979] ) are of greater importance in magnetospheric storms/substorms.
The post-shock IMF orientation determines whether the sheath region can drive a magnetospheric storm/substorm or not, while E KL controls the magnitude of storm/substorm and the duration of substorm growth phase [Li et al., 2010 [Li et al., , 2013 . Motivated by this, we 
Post-shock Reconnection E-field Estimation
As shown in Figure 2 , the SYMH index kept on the high level after SIs for IP shocks with small post-shock reconnection E-field, and decreased at a certain rate for the IP shocks with large post-shock reconnection E-field. Figure 4 shows the relationship between the change rate of SYMH index after SIs (δSYMH/δt) and the post-shock reconnection Efiled (E KL ). To obtain the change rate of SYMH index, we chose the 30-min duration time series of SYMH index after SI and used the least square method to do the linear fitting. The slope of linear fitting is regarded as the change rate of SYMH index. It is clear that δSYMH/δt is negatively correlated to the post-shock E KL , with the correlation coefficient of -0.86. From this linear relationship, the post-shock E KL can be estimated from δSYMH/δt observation. The empirical formula is summarized as follows:
Validation of Inversion Model
To check up the validity of our inversion model of post-shock solar wind properties, we Figure 5 shows the results of post-shock E KL estimation. The horizontal axis shows the observed E KL and the vertical axis shows the estimated E KL . The dashed diagonal line indicates the perfect inversion result. The closer to the diagonal line, the better inversion is. We adopt the inversion efficiency (PE) [Agterberg, 1984] to quantify the accuracy of the estimated value compared with the measurement, which is defined as:
The residual is the difference between the measured data and the estimation. The closer of PE to 1, the better inversion is. Although there are some deviations, the estimated E KL are scatted around the diagonal line. The estimations are in good agreement with the observations, with an inversion efficiency of 78%.
Summary
As one of the major IP disturbances, IP shock plays a key role in causing the global dynamic changes of the geospace environment. IP shocks are usually accompanied by large changes of solar wind dynamic pressure and thus significantly compress the Earth's magnetosphere. Besides, the sheath regions after IP shocks are another major origins of IP structures with intense and long-duration southward IMF, which are important sources of geomagnetic storms. In addition, IP shocks can also trigger magnetospheric substorms.
Thus, it will be of great importance to estimate the properties of post-shock solar wind simply and accurately. to be significantly different to the passive of these two types of IP shocks. For the IP shocks with northward IMF, the SYMH index keeps on the high level after the sudden impulses (SI) for a long time. Meanwhile, the change of AL index is relative small, with the mean value of only -29 nT. However, for the IP shocks with southward IMF, the SYMH index suddenly decreases at a certain rate after SI, and the change of AL index is much significant, of -316 nT. Furthermore, the change rate of SYMH index is found to be linearly correlated with the post-shock reconnection E-field (E KL ). Based on these facts, an inversion model of post-shock IMF orientation and E KL is developed. For the post-shock IMF orientation, the inversion model is summarized as follows:
And for the post-shock reconnection E-field, the inversion model is summarized as follows:
The validity of this inversion model is also verified by studying 68 IP shocks in the period of 2009-2013. The inversion accuracy of IMF orientation is 88.24%, and the inversion efficiency of E KL is as high as 78%.
These estimations of post-shock IMF orientation and reconnection E-field are an extension of our previous work [Wang et al., 2010] , which made the first effort to estimate IP shock characteristics, such as the change in the square root of solar wind dynamic pressure, the shock speed along the Sun-Earth line, and associated geosynchronous magnetic field variation, from SI amplitude observed on the ground. These estimations are of particular use in studying events before the space era and could provide proxies for future a Great storm represents the magnetic storm with the peak SYMH index < -200 nT.
b The value precedes the bracket is the case number, and the value in the bracket represents its percentage. 
